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Analysis and outcome of 1063 patients trained for home hemo-
dialysis. Between 1967 and 1973, 12 home dialysis training centers
(HDTC), under contract to the Health Resources Administration,
Department of Health, Education, and Welfare, reported training
1063 patients. Mean training time was 69 days; mean patient age
was 40 yr with a range of 12 to 75 yr. Survival rates were 87% at
one year, 74% at two years, 62% at three years, 54% at four years
and 52% at five years. Male to female ratio was 3:2; there was no
significant survival difference between sexes. Patients under 50 yr
of age had significantly greater survival than did patients 50 yr and
older. A "good" health status classification, defined by activity
tolerance, signs and symptoms at the beginning of home dialysis,
was associated with more favorable survival than were lower
health ratings. Patients with glomerulonephritis, pyelonephritis
and polycystic disease had better survival than did patients with
diabetic, hypertensive and other renal disease etiologies. Although
51% of the patients lived 50 to 400 or more miles from the HDTC,
their survival was not different from patients living less than 50
miles from the HDTC. Survival rates for patients with less than ten
years of education were not significantly different from those with
formal education as high as the university graduate level. Forty-
seven percent of the patients were restored to full activity. These
survival results are comparable with those reported for other
modes of dialysis and transplantation and indicate that home
dialysis is an acceptable form of therapy for a variety of patients.
Analyse et devenir de 1063 malades entrainés a I'hémodialyse a
domicile. Entre 1967 et 1973 douze centres d'entrainement a
l'hemodialyse a domicile (HDTC), sous contrat avec Ic Health
Resources Administration, Department of Health, Education and
Welfare, ont entrainé 1063 malades. Le temps moyen
d'entramnement a été de 69 jours, ll'âge moyen des malades de 40
ans, avec un intervalle de 12 it 75 ans. Les pourcentages de survie
ont été 87% a I an, 74% it 2 ans, 62% it 3 ans, 54% it 4 ans et 52% it
5 ans. 11 y avait 3 malades de sexe masculin pour un malade de sexe
féminin et aucune difference significative dans Ia survie en fonction
du sexe n'est apparue. Les malades dont l'itge était inférieur it 50
ans ont eu une survie significativement plus longue que ceux de 50
ans et plus. Un "bon" état de sante, défini par Ia tolerance de
l'activitC, les signes et les symptomes au debut de l'hémodialyse, a
été associé it one meilleure survie que celle des sujets dont l'état
avait Cté jugé moms hon. Les malades atteints de glomeru-
lonéphrite, de pyelonephrite et de maladie polykystique ont eu une
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meilleure survie que ceux atteints de diabbéte, d'hypertension
artérielle et de maladies rénales d'autres origines. Bien que 51% des
malades habitaient it une distance de 50 a 400 (ou plus) miles des
centres, leur survie n'a pas été diffCrente de celle des malades vivant
it moms de 50 miles des centres. Les pourcentages de survie des
malades qui n'avaient été scolarisés que pendant moms de 10 ans
n'étaient pas significativement différents de ceux des malades
ayant un diplôme universitaire. Quarante sept pour cent des
malades ont pu reprendre une activité complete. Ces survies sont
comparables a celles obtenues avec d'autres modes de dialyse
ou avec Ia transplantation, ils indiquent que l'hémodialyse a
domicile est une formule therapeutique acceptable pour un certain
nombre de malades.
Home hemodialysis was introduced a decade ago
[1-4] and has become an accepted therapy for a large
proportion of patients with end-stage renal disease
[5]. For many patients, it is the preferred form of
regular maintenance therapy [6, 7]. The techniques of
maintenance and home dialysis are well known [8-10]
and many analyses of complications and causes of
mortality have been reported [11-15].
Although certain characteristics of large home
dialysis populations have been analyzed for other
areas of the world [15-17], there have been few re-
ports of large series of patients treated with home
dialysis in the United States. The National Dialysis
Registry, sponsored by the National Institutes of
Health, has reported survival and other data for
patients on all types of dialysis [5, 12, 18, 19], but it
has not reported survival data on home dialysis
patients alone. An earlier report, carried out during
the course of this study, presented preliminary data
on survival and rehabilitation of patients on home
dialysis [20]. This report represents analysis of data
compiled over six years from 12 cooperating home
hemodialysis centers; it presents demographic data
on patients accepted and trained for home dialysis,
survival rates, factors influencing survival and reha-
bilitation data.
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Methods
In 1966 the Health Resources Administration de-
veloped a program to study the medical and economic
feasibility of home dialysis as a means of regular
maintenance dialysis. Twelve centers were given
contractual support to assist the establishment and
operation of home hemodialysis training centers. The
centers were distributed geographically across the
country; seven of the centers were publicly supported
by state or local taxes, and the remainder were pri-
vate nonprofit institutions. Some centers were located
in the inner-city and served primarily inner-city pop-
ulations; others were located in suburban areas and
served primarily suburban populations. These centers
supplied data on patients that were trained for and
entered home dialysis between June 1967 and June
1973.
Patient population and selection. In designing the
study, no rigid selection or training criteria were im-
posed upon the centers; it was recognized that the use
of inflexible selection requirements might result in a
highly selected group of patients not representative of
the potential total home dialysis population. Each
center developed its own criteria, and comparison
reveals that there was wide variation in selection
among centers with regard to socioeconomic status,
age, freedom from secondary diseases and suitability
of living accomodations. While it cannot be implied
that these patients are representative of the total
home dialysis population, a variety of subgroups are
present in the sample.
Facilities and equipment. Although there were vari-
ations among centers in technique and specific types
of dialyzers used, treatment schedules were similar.
The vast majority of patients were dialyzed three
times a week with a total weekly dialysis time ap-
proximating 18 to 21 hr with coil dialysis, 24 to 26 hr
with Kiil dialysis and 16 to 20 hr with hollow fiber
artificial kidneys. All centers had additional beds for
"back-up" dialysis of home patients, and most
patients were variably brought back to the center for
"retraining" dialyses. Regular follow-up visits were
scheduled for each patient, with serial laboratory
evaluation of hematologic and electrolyte indexes,
blood urea nitrogen and creatinine. Each center de-
termined the frequency and means by which patients
were monitored for bone disease, neuropathy and
other complications.
Personnel. At each center a physician was available
by telephone for emergencies on a 24-hr-a-day basis.
The ratio of nonphysiciari personnel to patients var-
ied between centers, but all centers had dialysis
nurses and instructors, dietary counseling and social,
psychiatric, and equipment maintenance services.
Data reporting. The director of each center pro-
vided questionaire data on each patient at completion
or termination of training which included patient
identification code, birthdate, sex, marital status,
formal education level, diagnostic category of renal
disease, state of health at the beginning of home
dialysis training, distance from the patient's home to
the home dialysis training center, duration of train-
ing, outcome of training and state of health at the end
of home dialysis training. Data were then provided
at six-month intervals on each patient and included
patient identification code, state of health, out-
come of home dialysis, and employment/rehabilitation
status. Assessment of the validity of the data was
made by ongoing review of questionaires and reviews
of data with the centers at the times of Health Re-
source Administration staff site visits to the centers
during the course of the study.
During the early part of the study, attempts at
determining the fraction of patients not referred for
home training were made, but eventually abandoned.
Attempts at documenting the period of time on
dialysis before training could not be accurately veri-
fied, and this was also abandoned. The diagnoses of
underlying renal disease and the basis for a particular
diagnosis were determined by each reporting center.
No data concerning diagnostic criteria or the number
of patients having renal biopsies were reported.
Data analysis. Survival rates are based on an analy-
sis using the life-table method [21, 26]. This actuarial
method estimates survival rates based on samples
such as the ones in this study, and has been used
previously by others for survival analysis of dialysis
and transplant patients [15, 17, 20, 22-25]. Rates
calculated for "all" patients are an example of esti-
mates for a mixture, while rates estimated for more
homogeneous subgroups more reliably refer to actual
subpopulations.
One of the purposes of this study was to examine
survival of patients who were actually performing
home dialysis. Therefore, the date of the first home
dialysis was arbitrarily chosen as the zero time from
which survival figures were calculated. All deaths
occurring during the reporting period are included;
no attempt was made to distinguish between dialy-
sis-related deaths and those which were unrelated.
Deaths occurring after a patient left the program for
another program or transplantation are not included.
Although all patients were followed up, a minor
methodological modification was necessitated by the
discontinuous nature of the reporting system.
Patients withdrawing from the study as a result of
transplant or transfer to another dialysis program or
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setting are assumed to have completed an average of
one-half (three months) of the six month follow-up
interval. Patients withdrawing for whatever reason,
i.e., transplant/nontransplant, are treated similarly
while they tend to be different to an unknown extent.
Hence, the calculated estimates are biased to an un-
known extent.
The standard error of the cumulative survival rate
was calculated using Greenwood's method [27]. The
significance of differences between estimated cumula-
tive survival rates for subgroups was calculated using
the standard error of the difference, and P values
were derived from standard normal tables. Using these
methods, the P values calculated are not taken to be
exact, and isolated significant differences are not to
be trusted. Consistent patterns of differences between
subgroups are likely to represent true differences.
Mean age and standard deviation was computed
for the entire population and various subgroups, and
differences of means were tested for significance.
Results
Training. A total of 1063 patients was reported as
entering home dialysis training. The sex ratio was
60% male, 40% female; slightly less than 84% of the
patients were married. The average age for all
patients was 40 yr with a range from 12 to 75 yr; the
median age was 41 yr, and the mode was 47 yr.
Ninety-five percent of patients were under 60 yr of
age (Fig. 1). The average age for males and females
was 41 and 38 yr, respectively. The average age for
married patients was 42 yr; for unmarried patients it
was 27.5 yr.
Training dialysis schedules varied somewhat: 77%
of patients were dialyzed three times a week, 10%
were dialyzed twice a week, 3% were dialyzed every
third day, 1% were dialyzed every day, and 5% were
dialyzed using some other schedule. The training
dialysis schedule was not stated for 4% of the pa-
tients. Of the patients who completed home dialy-
sis training and actually began home dialysis, 3%
were trained for unassisted self-dialysis, 76% were
trained with a spouse assistant, 7% were trained with
a parent assistant, 2% were trained with a sibling
assistant, and 9% were trained with an "other" assis-
tant. An identification of the dialysis assistant was
not available for 4% of patients.
The patients' general health/activity status at the
time of acceptance into home dialysis training was as
follows: 57% were able to carry on essentially normal
activity, having only inconsequential signs or symp-
toms (health status 1); 26% were able to carry on
limited activity, having some signs or symptoms
(health status 2); 10% carried on minimal activity, but
cared for personal needs (health status 3); 2% were
unable to care for themselves, requiring hospital or
equivalent care at home (health status 4); and less
than 1% were reported to be moribund-preterminal
(health status 5). The state of health at the time of
acceptance into home dialysis training was not avail-
able for 5% of patients.
The general health/activity status for all patients at
the time home dialysis training was completed or
terminated for whatever reason was as follows: 54%
were classified as having health status 1, 27% were
health status 2, 11% were health status 3, 3% were
health status 4, 1% were health status 5, and the state
of health was not stated for 4% of patients. Health
status was not significantly changed between the time
of acceptance and completion of home training.
There was wide variation in the number of patients
trained by each center (Table I). The mean training
time in days 1 SD for all patients was 69 38 with a
range of 14 to 355 days; the median duration was 84
days, and the mode was 56 days. Mean training time
in days for males and females was 68 + 38 and 71
39, respectively. Although training patients in three
weeks for home dialysis has been reported [28], only
six patients who actually entered home dialysis were
reported as trained in less than three weeks, and
survival follow-up for these patients was only avail-
able for 2.5 yr.
The cumulative percentage of patients trained over
time was as follows: 14% of all patients entering home
dialysis were trained in less than 40 days, 30% were
trained in less than 50 days, 47% were trained in less
than 60 days, 58% were trained in less than 70 days,
87% were trained in less than 100 days and 96% were
trained in less than 150 days. There was a rapid
Fig. I. Number of patients accepted for home dialysis training by age
group.
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Table 1. Home dialysis training outcome—all centers
Patients, N
Entering Died Transplanted Transferring Completing Average training
Center home training during training during training during training training time, days
80 3 1 76 54
2 99 1 5 93 59
3 95 2 6 87 48
4 80 I I 78 82
5 123 4 4 115 78
6 112 3 5 3 101 69
7 96 7 1 3 85 96
8 107 3 2 102 74
9 69 5 2 62 53
10 70 1 3 67 63
II 39 1 2 36 74
12 93 2 2 89 87
All
centers 1063 32 7 33 991 69
increase in the cumulative percentage of patients completed at least six months on home dialysis and
trained for the time period between 40 and 70 days. had data available for survival analysis; the mean age
No significant sex or age differences were found when + 1 SD was 39.7 12.8 yr at the start of home
training time intervals were compared for these varia- dialysis. Overall results for the six-year study show
bles. that 225 patients died while on home dialysis, 311
The number of patients trained during each year of were transplanted and 455 remained on regular
the study was 87 in year 1, 146 in year 2,244 in year 3, dialysis at home or transferred to another home pro-
217 in year 4, 180 in year 5 and 129 in year 6. While gram or dialysis setting. The cumulative survival
no trend in average training time was discerned from rates estimated for all patients were 87.2 1.2% at
examination of individual center's mean training one year, 73.8 1.8% at two years, 61.9 + 2.4% at
times for each year of the study, the mean training three years, 53.7 2.9% at four years and 52.1 +
time by year for all centers gradually decreased from 3.2% at five years (Table 2). After five years the
87 days in year 1 to 59 days in year 6. The average number of patients is so small that conclusions based
number of patients trained per center over the six- on the 66- and 72-month survival rates are probably
year period was 83, or an average of 14 patients per not warranted.
year. The average number of patients trained per Influence of sex upon survival. There were 586 males
center for each year was 6 in year 1, 12 in year 2, 20 in and 393 females available for survival analysis; the
year 3, 18 in year 4, 16 in year 5, and 12 in year 6. sex of two patients was not stated. Males had 87%
Survival. Of the 991 patients reported to have corn- one-year, 74% two-year, 63% three-year, 56% four-
pleted home dialysis training, there were 981 who had year, and 54% five-year cumulative survival rates;
Table 2. Life table analysis of survival for all home dialysis patients
Alive at Withdrawn
Months after beginning Transplanted alive Effective N Died
beginning of during during exposed to during Patients Cumulative survival
home interval interval interval risk of interval surviving rate SE
dialysis N N N death N % %
0-6 981 60 133 884.5 51 94.2 94.2 0.8
7—12 737 78 53 671.5 50 92.6 87.2 1.2
13—18 556 48 52 506.0 45 91.1 79.5 + 1.6
19—24 411 43 49 365.0 26 92.9 73.8 + 1.8
25—30 293 19 38 264.5 19 92.8 68.5 + 2.0
31—36 217 27 36 185.5 18 90.3 61.9±2.4
37—42 136 9 26 118.5 II 90.7 56.1 2.7
43—48 90 20 23 68.5 3 95.6 53,7 + 2.9
49—54 44 5 13 35.0 I 97.1 52.1 3.2
55—60 25 2 13 17.5 0 100.0 52.1 3.2
61—66 10 0 8 6.0 I 83.3 43.4 + 8.4
67—72 1 0 1 0.5 0 100.0 43.4 8.4
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survival rates for females were 88% at one year, 73%
at two years, 61% at three years, 49% at four years
and 49% at five years. The mean age in years 1 SD
for males and females was 40.8 + 12.8 and 38.2 +
12.6, respectively. Although the mean age for males
was significantly older than for females (P<0.005),
there were no significant differences in the survival
rates at any of the intervals.
Influence of age upon survival. An analysis for the
influence of age upon survival was carried out by
placing patients into three groups based on age at the
beginning of home dialysis. There were 235 patients
29 yr old or less, 490 patients were 30 to 49 yr of age
and 230 patients were 50 yr or older; age data could
not be analyzed on 26 patients. For patients under
age 30, cumulative survival rates were 87% at one
year, 79% at two years, 65% at three years, 63% at
four years and 63% at five years. Patients between the
ages of 30 to 49 yr had 88% one-year, 73% two-year,
64% three-year, 53% four-year and 53% five-year cu-
mulative survival rates. Cumulative survival for
patients 50 yr and older was 86% at one year, 71% at
two years, 52% at three years, 44% at four years and
34% at five years. When plotted as the logarithm of
percent of patients surviving vs. time [29J, the sur-
vival curves for these groups of patients describe a
linear function, particularly during the first three
years when patient numbers are large, and reflect a
relatively constant mortality rate (Fig. 2).
Although survival rates for the less than 30-yr age
group were higher than the rates for the 30- to 49-yr
group after one year, they were not significantly
different. When patients under 30 yr were compared
Fig. 2. Cumulative survival rates for age groups. The logarithm of
the survival rate is plotted against time. Rates in the three groups
are compared with the survival rate for all cases.
with those 50 yr and older, survival was significantly
greater at 3.5 and 4 yr (P < 0.01) and at 4.5 and 5 yr
(P < 0.005) for the younger group. The comparison
of patients 30 to 49 yr of age with those 50 yr and
older showed survival was significantly greater at 3,
4.5 and 5 yr for the 30- to 49-yr group (P < 0.05).
When cumulative survival for the age groups was
subdivided by sex, the tendency for poorer survival
with increasing age was still observed for both sexes,
but the differences between sexes in each group were
not significant.
Survival by diagnostic category. A comparison of
survival was made according to the reported diag-
nosis of the patients' renal disease. Of those patients
entering home dialysis, there were 501 (5 1%) with a
diagnosis of glomerulonephritis, 138 (14%) with
chronic pyelonephritis, 98 (10%) with polycystic
disease, 54 (6%) with diabetic nephropathy, 36 (4%)
with hypertensive nephropathy and 132 (13%) with
"other" renal diseases. Patients with "other" renal
diseases included those with more than one diagnosis,
congenital renal hypoplasia, drug-induced nephro-
pathies, hereditary nephropathies, traumatic or surgi-
cal loss of kidneys, cortical or tubular necrosis or
both, amyloidosis, systemic diseases such as per-
iarteritis nodosa and lupus erythematosus, obstruc-
tive uropathy, nephrocalcinosis, gouty nephropathy
and tuberculosis. There were 22 (2%) patients for
whom the diagnosis was not stated. Patients with
glomerulonephritis, chronic pyelonephritis and poly-
cystic disease tended to have greater survival than did
patients with diabetic, hypertensive and "other"
etiologies for their renal disease (Table 3).
Patients with glomerulonephritis had significantly
greater 1-yr survival than did diabetics (P < 0.05),
significantly greater 1- and 1.5-yr survival than did
hypertensives (P < 0.005, P < 0.05, respectively),
and significantly greater 2-, 2.5-, 3-, 3.5- and 4-yr sur-
vival than did patients in the "other" category (P <
0.05).
Pyelonephritis patients had significantly higher
survival at 1 yr than did diabetics (P < 0.05), signifi-
cantly higher 1- and 1.5-yr survival than did hyper-
tensives (P < 0.005, P < 0.05, respectively), and sig-
nificantly higher 1.5-, 2-, 2.5-, 3-, 3.5-, and 4-yr sur-
vival than did patients with "other" renal diseases
(P < 0.05, P < 0.05, P < 0.05, P < 0.05, P < 0.01,
and P < 0.05, respectively).
Polycystic disease patients had significantly better
1-yr survival than did diabetic patients (P < 0.05),
significantly better 6-month, 1-, 1.5- and 2-yr survival
than did hypertensive patients (P < 0.05, P <
0.005, P < 0.05, and P < 0.05, respectively) and
significantly better 1-, 1.5-, and 2-yr survival than did
-—-——Age<3O
12 24 36 48 60
Months of home dialysis
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Table 3. Cumulative survival rates according to diagnostic categories
Years Glomerulonephritis Pyelonephritis Polycystic Diabetic Hypertensive Other
after Survival Survival Survival Survival Survival Survival
home dialysis N" rate I SE N rate I SE N rate I SE N rate + 1 ss N rate + I ss N rate + I SE
began % % % % % %
I 357 88.8 1 1.6 91 91.6 1 2.7 72 93.7 1 2.8 27 70.3 8.1 18 59.7 10.2 91 84.3 3.5
2 207 75.7 2.4 51 78.4 4.7 43 83.0 4.8 8 70.3 8.1 4 59.2 10.2 46 63.4 5.4
3 115 65.4 1 3.0 29 71.0 + 5.9 18 57.5 8.5 5 54.6 + 15.2 I 59.2 10.2 19 47.7 + 7.0
4 45 58.9 1 3.6 12 61.7 8.1 6 51.4 1 9.5 2 18.2 21.6 5 38.2 + 8.3
5 13 56.6 + 4.2 3 61.7 + 8.1 2 51.4 9,5
= effective number of patients exposed to risk of death.
patients with "other" renal disease (P < 0.05, P <
0.05, and P < 0.01, respectively).
There were no significant differences when patients
with glomerulonephritis, pyelonephritis and poiy-
cystic disease were compared with each other. This
was also true of the patients-with "high risk"; hence,
when diabetics, hypertensives and "other" renal dis-
eases were compared with each other there was no
significant difference noted.
The mean age in years + 1 SD for patients with
glomerulonephritis was 38.9 12.9, chronic pyelo-
nephritis was 38.5 + 12.7, polycystic disease was 46.6
+ 9.3, diabetic nephropathy was 41.2 9.4, hyper-
tensive nephropathy was 40.9 + 12.3 and "other"
diseases was 38.6 14.4. The only significant age
differences between groups were that patients with
polycystic disease were significantly older than all
other diagnostic groups (P < 0.005 for hypertensives,
P < 0.0001 for glomerulonephritis, pyelonephritis,
diabetics and "others").
Health/activity status and survival. Patient health/
activity status upon successfully completing train-
ing and beginning home dialysis was classified by
numerical health status rating, 1 to 5, and these
classes compared for influence on survival, There was
a consistent trend toward lower cumulative survival
with each "poorer" health status class (Table 4). The
number of patients with health status 5 was so small
that this class was not compared against the others
for significance.
Health status 1 patients had significantly better
survival rates than did health status 2 patients at one
and two years (P < 0.05), better survival rates than
did health status 3 patients at two, three, four, and
five years (P < 0.01, P < 0.005, P < 0.01 and
P < 0.05, respectively), and better survival than did
health status 4 patients at one and two (P < 0.005)
and four years (P < 0.05). Health status 2 patients
had significantly higher three-year survival than did
health status 3 patients (P < 0.05), and significantly
higher two- and three-year survival than did health
status 4 patients (P < 0.05). Health status 3 patients
had significantly greater one-year survival compared
with health status 4 patients (P < 0.05).
Survival rate and length of training. Of the patients
actually entering home dialysis, a comparison for
survival was made between the 573 patients (59%)
trained in less than 70 days and the 403 patients
(41%) trained in 70 days or more. The cumulative
survival rates for the group trained in less than 70
days were 90.4+ 1,4% at one year, 78.1 + 2.3% at two
years, 68.3 3.2% at three years, 60.9 4.0% at four
years and 57.3 5.1% at five years; survival rates for
the group trained in 70 days or more were 82.8 +
2.1% at one year, 67.6 + 2.9% at two years, 53.6 +
3.5% at three years, 45.5 4.1% at four years and
45.4 + 4.1% at five years. The less than 70-day group
had significantly higher cumulative survival rates
than did the 70-day or more group at one, two, three
(P < 0.005) and four years (P < 0.01). The average
Table 4. Cumulative survival rates compared by health status categories at the beginning of home dialysis
Years
after
Health status I Health status 2 Health status 3 Health status 4 Health status 5
Survival Survival Survival Survival Survival
home dialysis
began
N" rate + 1 SE
%
N rate + 1 SE
%
N rate I SE
%
N rate + I SE
%
N rate I SE
%
I 387 90.6 + 1.4 177 84.5 2.5 66 83.7 4.2 II 58.3 11.3 3 46.7 26.8
2 206 79.9 + 2.2 98 70.3 3.6 37 58.7 6.4 7 44.1 12.3 I 46.7 26.8
3 95 68.2 3.2 58 59.7 4.4 19 42.6 7.3 6 44.1 + 12.3 I 46.7 + 26.8
4 35 61.8 4.0 21 49.5 5.3 7 35.2 7.7 5 34.3 12.9
5 9 58.5 5.0 5 49.5 5.3 2 35.2 7.7 2 34.1 12.9
= effective number of patients exposed to risk of death.
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Table 5. Cumulative survival rates compared for number of years of formal education
l—6yr 7—9yr 10-Ilyr l2yr l3-lSyr l6yr 17 or more yr
Years (elementary) (Jr. high sch.) (some high sch.) (high sch. grad.) (some college) (college grad.) (postgraduate)
after Survival Survival Survival Survival Survival Survival Survival
home dialysis N rate + I SE N rate I s N rate I SE N rate I Sr N rate I SE N rate I SE N rate + I Sr
began % % % % % %
I 28 91.0 5.0 60 84.9 4.1 102 94.5 + 3.2 251 88.5 + 1.9 116 85.4 3.6 69 88.5 3.6 41 85.6 5.4
2 16 76.0 + 9.0 33 79.8 5.2 50 72.7 4.7 137 73.2 + 3.0 65 71.2 4.5 38 77.4 + 5.4 26 74.3 7.1
3 9 76.0 9.0 17 61.6 8.3 26 57.5 6.3 64 61.5 3.9 33 55.3 5.9 18 74.5 5.9 18 65.8 8.5
4 3 54.3 14.5 7 61.6 + 8.3 5 53.6 7.0 27 47.6 5.1 8 48.4 + 8.3 II 74.5 5.9 9 65.8 + 8.5
5 1 54.3 + 14.5 2 61.6 8.3 1 53.6 + 7.0 8 44.5 + 5.7 I 48.4 8.3 3 74.5 5.9 3 65.8 8.5
ajy = effective number of patients exposed to risk of death.
ages of 39.5 and 40.2 yr for the less than 70 and 70
days or more groups, respectively, were not signifi-
cantly different. At the time home dialysis began, a
higher percentage of patients (44.7%) in the group
training in 70 days or more had "poorer" health
status 2 to 5 classifications than did the group train-
ing in less than 70 days (41.6%); however, this dif-
ference was not significant.
Even when survival rates were calculated using the
start of home training as time zero, patients trained in
less than 70 days still had greater survival than did
patients trained in 70 days or more.
Influence of formal education upon survival. Formal
education level was examined for its influence upon
survival (Table 5). Forty (4%) patients, with a mean
age of 40 + 13 yr, had a I- to 6-yr or elementary
school education; 104(11%), with a mean age of 41.1
+ 14.6 yr, had 7 to 9 yr or junior high school; 156
(16%), with a mean age of 37.4 13.4 yr, had 10 to 11
yr or some high school; 359 (37%), with a mean age
of 40.2 + 12.1 yr had 12 yr or were high school
graduates; 161 (16%), with a mean age of 38.0 13.0
yr had 13 to 15 yr, some college or technical training;
96(9%), with a mean age of 41.0 yr, had 16 yr
or were college graduates; and 54 (6%), with a mean
age of 42.6 11.1 yr, had 17 or more yr of formal
education, postgraduates. There were only two
patients who had no formal education who entered
home dialysis; the education level was not stated for
nine patients. Patients with 17 or more yr of formal
education were significantly older than the 13 to IS-yr
group (P < 0.05) and the 10- to 11-yr group (P <
0.01), patients with 16 yr were significantly older than
the 10- to 11-yr group (P < 0.05), patients with 12 yr
were significantly older than the 13- to 15-yr group
(P < 0.05), and patients with 7 to 9 yr were signi-
ficantly older than the 10- to 11-yr group (P < 0.05).
Mean training times were not significantly different
for the subgroups.
The only differences in survival on significance test-
ing were that the patients who had 16 yr of formal
education or were college graduates had significantly
higher 4-yr survival than did the 10- to 11-yr or some
high school group (P < 0.05), significantly higher 4-
yr survival than did the 12-yr or high school graduate
group (P < 0.001) and significantly higher 3- and 4-
yr survival than did the 13- to 1 5-yr, some college or
technical training group (P < 0.05).
Patients with no high school or less education ap-
pear to fare as well as other groups. While having a
college education seems to correlate with favorable
survival, lack of a formal high school level education
does not appear to detract from patient survival.
Survival rates according to distance from home to
center. The influence on survival of the distance from
the patient's home to the home hemodialysis training
center was analyzed (Table 6). Four hundred seventy-
six (49%) patients were less than 50 miles from the
Table 6. Cumulative survival rates compared for distance from the patients' home to the home hemodialysis training center
Less than 50 miles 50 to 99 miles 100 to 199 miles 200 to 299 miles 30010399 miles 400 or more miles
Years
after Survival Survival Survival Survival Survival Survival
home dialysis N rate + I SE N rate + I SE N rate I SE N rate + I SE N rate I SE N rate I Sr
began % % 0% % % %
I 318 87.2 1.7 125 87.5 2.9 74 91.2 3.2 74 87.8 3.5 28 90.0 5.5 41 76.0 5.9
2 178 74.3 + 2.6 67 70.7 + 4.5 37 75.1 + 5.6 37 78.5 5.1 17 85.8 6.7 22 67.6 7.0
3 97 62.1 3.4 34 57.2 5.7 17 57.9 8.1 17 69.7 6.6 II 70.2 11.4 9 67.6 7.0
4 43 55.8 + 3.7 10 48.6 7.7 5 41.4 i 11.9 6 69.7 6.6 3 46.8 15.5 3 45.0 + 19.0
5 13 53.6 4.2 2 48.6 7.7 I 69.7 6.6 1 46.8 15.5 2 45.0 19.0
a/ = effective number of patients exposed to risk of death.
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home dialysis training center, 172(19%) were 50 to 99
miles, 107 (11%) were 100 to 199 miles, 107 (11%)
were 200 to 299 miles, 38 (4%) were 300 to 399 miles
and 61 (6%) were 400 or more miles. Distance infor-
mation was not stated for 20 patients. The mean ages
for the groups were not significantly different.
No consistent statistically significant correlation
could be drawn between distance from the home
dialysis training center and survival. Patients living
100 to 199 miles from the center had a higher survival
rate than did those living 400 or more miles away at
one year (P<0.05), but this "advantage" did not hold
at two, three or four years. Patients living 200 to 299
miles from the home dialysis training center had sig-
nificantly better four-year survival than did the 100-
to 199-mile group (P < 0.05) and significantly better
four-year survival than did the 50-to 99-mile group
(P < 0.05).
Survival rates for centers. There was wide variation
in cumulative survival rates among different centers.
There was also considerable variation in the mean
age of the patients of the different centers. However,
no trends are ascertained; some centers with a mean
patient age significantly greater than other centers
had better survival rates.
The differences in survival of the two centers with
highest and lowest 5-year cumulative survival rates
were markedly different (Fig. 3). While both centers
were publicly supported institutions, the low mortal-
ity center was located in a suburban population area
100
90
80
70
N\
High mortality center
12 24 36 48 60
Months of home dialysis
Fig. 3. Cumulative survival rates for high and low mortality centers.
The logarithm of the survival rate is plotted against time. High and
low mortality centers' survival is compared with survival for all
cases.
and drew upon a large middle-class population, while
the high mortality center was located in the inner-city
and drew upon a primarily inner-city, indigent popu-
lation. Although the mean patient age for the low
mortality center was significantly older than the mean
patient age for the high mortality center (P < 0.05),
more patients from the high mortality center had
"poorer" health status 2 to 5 classifications than did
those from the low mortality center (P < 0.05).
Rehabilitation. Rehabilitation status was examined
for the last reporting period available on each
patient. A total of 27% of patients was employed full-
time with a range by center of 5 to 45%. A total of
13% of patients was employed part-time, 3% were
full-time students, 2% were part-time students, 17%
were normal-activity housewives, 12% were re-
stricted-activity housewives, 7% were retired and 19%
were unemployed. Therefore, a total of 74% was car-
rying on some form of activity and 47% were carrying
on full-time activity as gainfully employed persons,
housewives or students.
Discussion
There have been a number of studies reporting
survival statistics for home dialysis patients in the
United States [10, 11, 13, 30], but only some have
used an actuarial or life table method for the analysis
[20, 24, 31, 32]. With the exception of the earlier
report by Gross, Keane and McDonald [20] on sur-
vival of 628 patients included in this series, no other
report contained more than 125 patients on home
dialysis.
It is recognized that the standard error is biased to
an unknown extent for the same reasons that the
survival rates are biased, and the numerous assump-
tions necessary in calculating the standard error and
using it to arrive at a criterion for a given test of
significance make it difficult to render definitive prob-
ability statements. The cumulative one-, two- and
three-year survival rates have not changed sig-
nificantly since the preliminary study was per-
formed [20], but the standard error has been reduced
by 20% at one year, 22% at two years, 25% at three
years and 22% at four years. In addition, it has been
possible to calculate a five-year survival rate with
the reasonably small standard error of 3.2%.
The data presented here reflect the results of home
dialysis in a large group of patients trained by a
number of centers using a variety of treatment tech-
niques. Patients encompassed by this report represent
a spectrum with respect to age, educational back-
ground, cause of renal failure, health status and
other variables.
\
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Some of the findings of this study, particularly the
effect of education upon survival and the effect of
distance from the home to the center upon survival,
were not expected on the basis of existing literature.
These findings suggest that centers might reexamine
selection criteria for their home dialysis patients to be
sure that patients are not being excluded for reasons
which were thought to be contraindications but did
not appear to adversely affect survival in this study.
The lack of any clear-cut improvement in survival
rates as formal education level increases, until the
college diploma level is reached, is an interesting and
important finding. Some have indicated that selection
of home dialysis patients is restricted by intelligence
[13], but others have stated that the degree of in-
telligence required is not great [3,11,33]. While the
failure to show any clear-cut relationship between
formal education and outcome does not necessarily
establish that such a relationship does not exist, it
may be conjectured that the formal education level
attained cannot be used for accurate estimation of
intelligence or for prognosticating patient survival;
and low levels of formal education, per se, should not
exclude patients from consideration for home
dialysis.
The finding that increasing distance from the home
to the home dialysis training center did not appear to
compromise survival is probably a function of thor-
ough training, patient acceptance of a major respon-
sibility for his or her own care and the willingness of
local physicians to care for patients with specialized
medical problems. Although some programs re-
ported distance limitations as part of their selection
criteria during the early development of home
dialysis [3], others reported training patients whose
permanent homes were far from the training center
[9]. While some may contend that home dialysis
training resources should be located at the com-
munity level, better patient survival because of
proximity to the center cannot be cited as an index
supporting this contention. In fact, when a com-
munity level facility has been used for home
dialysis training, it has tended to become a regional
center [10].
The rehabilitation data reported here is similar to
that of other series; and is not greatly different from
the findings of Gross et al [20] in the preliminary
study. Blagg et al [11] reported an 83% complete and
90% partial rehabilitation rate for 52 patients receiv-
ing home dialysis; more recently, he reported that
29% of 105 home dialysis patients were employed
full-time, 7% were employed part-time, 11% were stu-
dents, 29% were housewives, 2% were retired and 22%
were unemployed [34]. When one accounts for the
younger mean age of 33.6 yr due to the exclusion of
patients over 50 yr of age in the latter report, the
rehabilitation figures are essentially the same as those
reported in this study. Cameron, Ellis and Ogg [16]
reported 70% of 28 home dialysis patients returned to
full-time employment, home care or study. Drukker
et al [35] found 67% of all their dialysis patients were
able to return to work or near normal activity.
Brunner et al [17] and Gurland et al [15], in sum-
marizing more recent European experience, have re-
ported that from 87 to 95% of home dialysis patients,
depending on duration of treatment, were "able to
work". This study did not gather data on whether or
not such patients were "able to work", so the experi-
ence reported here and the European data are diffi-
cult to compare directly. If one assumes that patients
in this study with health status 1, those able to carry
on essentially normal activity with inconsequential
signs or symptoms, and health status 2, those able to
carry on limited activity with some signs and symp-
toms, are "able to work", then approximately 84% of
the patients would be so classified at the time of
beginning home dialysis. This figure is roughly com-
parable to the figures compiled for Europe.
Neff et al [32] have pointed out the difficulty in
using work rehabilitation as a guide to the success of
dialysis; in many instances eligibility for Medicaid or
similar benefits is threatened by employment. Their
report utilized a health/activity classification very
similar to the classification employed for this study.
In spite of the difficulty in measuring rehabilitation, it
is apparent that a large majority of home dialysis
patients can be returned to some type of productive
activity.
The demographic and training data presented
document the broad spectrum of patients accepted
for home dialysis training. That some patients with
severely compromised health status 4 and 5 classifica-
tions were accepted for home training may be a re-
flection of an absence of alternative dialysis programs
at the time these patients were found to have uremia
no longer amenable to conservative management.
When Gross et a! [20] performed a preliminary analy-
sis on a subgroup of patients from this study, they
found that there was probably a bias of natural selec-
tion increasing the percentage of patients able to
carry on normal activity with increasing time. This
was the reason for examining all patients' health
status classifications at the time of entering home
dialysis training and at termination of training. While
it is recognized that patients may move back and
forth between different health status classes, it ap-
pears that the net result is that home dialysis training,
per Se, does not improve patient state of health. In
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fact, the small increase in the percentage of patients
with "poorer" health status 2 to 5 classifications at
the termination of training approximates the percent-
age dying and transferring out of the program before
home training was successfully completed. That sur-
vival was adversely influenced in those with poor
health and greater activity impairment is not surpris-
ing; Neff et al [32] noted similar findings.
The criteria used by centers in making diagnoses
cannot be documented; however, the distribution of
causes of renal failure is similar to that reported in
other series [13, 17, 32, 36-38]. The "good" prognosis
of patients with polycystic disease noted in this study
has been observed previously [36], as has the poor
prognosis of hypertensive [32, 36] and diabetic
patients [32, 39, 40].
Over one-half of the patients in this study com-
pleted home dialysis training within 70 days from the
time it was initiated. These results are comparable to
the results in the United Kingdom, where the major
increase in transfer from hospital to home dialysis
occurs between 60 and 90 days after dialysis therapy
has commenced [15, 17].
It might be assumed that the thoroughness of home
training, within the limits of training staff proficiency
and patient "trainability", would be a function of
training time, and training time, within reasonable
limits, might be positively correlated with favorable
patient survival. On the basis of the comparisons of
survival by training time, it appears that increasing
training duration beyond three months is not corre-
lated with more favorable patient survival. Although
the reasons for the poor patient survival rates noted
with increasing training duration are not completely
clear, factors affecting patient "trainability", such as
increasing age and poor state of health, probably
contribute. Neff et al [32] found that "elderly"
patients were more difficult to train, but surprisingly
reported surival was greater for patients over 50 than
for patients under 50 yr of age.
The sex distribution observed here is similar to that
noted in other studies of patients with end-stage renal
disease. Recent data from the National Dialysis
Registry [19, 4 1-43] reveals one-third of patients re-
ceiving home dialysis are females. For Europe in
1972, Gurland Ct al [15] reported that 70.6% of
patients receiving home dialysis were males, but the
United Kingdom, which accounts for 46% of the
European home dialysis population, had only 64%
males, leaving the rest of Europe with no less than
76% males. It may be that the male spouse in the
United States and the United Kingdom is a more
willing dialysis assistant than he is in much of Eu-
rope.
Although male survival rates were slightly higher
in this study than were female rates, the lack of
significant differences between the two groups was
unchanged from the findings of the preliminary study
[20]. Some studies have reported higher mortality in
males [31], and others have reported higher mortality
in females [17, 44]; however, the number of patients
in those studies was small. Lewis et al [23] and early
reports from the National Dialysis Registry [5, 12]
found no significant sex difference in survival. More
recently, the National Dialysis Registry [19] has re-
ported that there is approximately 2% higher survival
for females than for males; whether or not this dif-
ference is significant on testing was not stated. The
difference in survivorship is said to be due to patients
added to the Registry in the 12 months prior to the
report and has been attributed to possible differences
in geriatric survivorships.
The finding of increasing mortality with increasing
age is similar to the results of Cameron et al [16],
Gross et al [20] and Lewis et al [23]. Early National
Dialysis Registry reports indicated that there was no
age differences in survival for patients between 25 and
55 yr of age, but one report stated that survival of the
extremes of the age range was increased [18] and
another report stated that survival in the younger
than 20- and older than 60-yr groups was decreased
[5]. The reasons for the conflicting earlier reports of
the Registry are not clear, but the most recent data
document decreased survival rates for patients 55 yr
of age and older [45]. Smaller series have found no
effect of age upon survival [46] or higher survival
rates in patients over 50 yr of age than for patients
under 50 yr [32].
The current study examines survival for the period
of time when patients were receiving home dialysis; it
does not consider survival on dialysis before accept-
ance for home training or survival while training was
occurring. With this fact in mind, the suvival rates
reported in this study are most favorable when one
considers that they are essentially the same as the
one-, two-, and three-year survival rates for the 1960
to 1967 study of Lewis et al [23] for in-hospital
patients. They also compare favorably with the 88%
one-year, 75% two-year and 65% three-year survival
rates reported by the National Dialysis Registry for
all dialysis patients admitted since the registry began
[19]. It should also be noted that many of the dialysis
centers included in this report broadened their selec-
tion criteria during the study period as evidenced by
the inclusion of diabetics, hypertensives, and patients
with other complicating, systemic illnesses.
The survival rates from this study are slightly less
than the cumulative survival rates reported by the
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Renal Transplant Registry for sibling living-related-
donor transplants, comparable to the reported sur-
vival rates for all living-related-donor and parent liv-
ing-related-donor transplants, and superior to those
reported for cadaver-donor transplants [37, 38]. Al-
though survival rates for home dialysis patients in
Europe are reported to be higher than those of this
series, survival rates for in-hospital dialysis patients
in Europe are similar to those reported here [15].
The reasons for the marked variation in survival
rates among the 12 participating centers are not well
explained. Factors to be considered include (a) diffe-
rences in the socioeconomic levels of the patients in
the referral areas of the centers and related patient
referral patterns, (b) the stage of the patients' disease
and resultant state of health at the time of referral, (c)
the individual center's selection criteria and (d) per-
sonnel training and patient care expertise. The ab-
sence of controls on these indexes makes it impossible
to determine the impact of each factor. The variation
among centers points out the possible error that
arises should large-scale projections of survival be
based upon limited data from any single medical unit.
The trend of an initial increase in the rate of patient
entry into home dialysis followed by a gradual de-
cline during the last three years of the study appears
to have preceded a general trend across the country
by approximately one year; the National Dialysis
Registry has described a ratio of home to nonhome
patients of 0.34 in August, 1969; rising to 0.64 in
April, 1971; and steadily decreasing to 0.54 in July,
1973; 0.48 in April, 1974; and 0.34 in June, 1975 [5,
41—43]. This decline in the percentage of home
dialysis patients probably reflects the establishment
of new hospital centers, which would probably have
to reach capacity saturation before home dialysis be-
came an option, and the addition of "limited care",
"satellite" and "self-care" dialysis facilities to already
existing programs, which would increase the physi-
cian's and patient's options in determining the repeti-
tive dialysis setting.
Home dialysis, like all other forms of treatment for
end-stage renal disease, cannot be considered op-
timal therapy because it does not restore normal
physiology, and it requires recurrent, lifelong, time-
consuming treatments. Successful home dialysis gen-
erally requires a stable home environment, a moti-
vated patient and a suitable patient assistant. That
home dialysis can be associated with major problems
in psychosocial adjustment is recognized [47]. How-
ever, the current state-of-the-art offers a number of
advantages over other forms of regular dialysis ther-
apy; it reduces the risk of hepatitis [35], permits in-
creased independence [11] and offers cost advantages
over other forms of maintenance dialysis [6, 11, 13].
Home dialysis is often the therapy of choice for
patients who are unsuitable for or do not want a
transplant, patients awaiting a cadaver transplant
and elderly patients [6].
Recent Registry reports have indicated that ap-
proximately 14,000 to 16,000 patients are being main-
tained on intermittent dialysis in the United States,
and this number will in all likelihood increase [43,
48]. Even though the number of patients receiving
renal transplants may grow rapidly, successful renal
transplantation is dependent upon supportive dialysis
[7]. This report confirms the fact that home dialysis is
comparable medically to other forms of end-stage
renal disease therapy. The advantages that home
dialysis offers and continued technical developments
to improve its efficacy [49] dictate that it should
continue to play a significant role in the treatment of
patients with chronic renal failure.
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